3-14

3-39 A ki lift is operating steadily at 10 km/h. The power required to operate and also to accelerate this
ski lift from rest to the operating speed are to be determined.

Assumptions 1 Air drag and friction are negligible. 2 The average mass of each loaded chair is 250 kg. 3
The mass of chairs is small relative to the mass of people, and thus the contribution of returning empty
chairs to the motion is disregarded (this provides a safety factor).

Analysis The lift is 1000 m long and the chairs are spaced 20 m apart. Thus at any given time there are
1000/20 = 50 chairs being lifted. Considering that the mass of each chair is 250 kg, the load of the lift at
any given time is

Load = (50 chairs)(250 kg/chair) = 12,500 kg

Neglecting the work done on the system by the returning empty chairs, the work needed to raise this mass
by 200 m is

1kJ

w .
1000 kg-m?/s?

¢ =Mmg(z, —2;)= (12,500 kg)(9.81 m/s*)(200 m){

J = 24,525 kJ

At 10 km/h, it will take

Ar = distance  1km

= — = =0.1h=360s
velocity 10km/h

to do this work. Thus the power needed is

Wy 24525k

== =68.1kW
At 3605

The velocity of the lift during steady operation, and the acceleration during start up are

1m/s

V = (10 km/h)(—
3.6 km/h

j =2.778 m/s
4o AV 2778 m/s-0

= =0.556 m/s?
At 5s

During acceleration, the power needed is

1kJ/kg

. 1 2 \,2 1 2
W, ==m(V.2 —V.2)/ At = = (12,500 kg)((2.778 m/s)2 0] ————~ _
a9 V2 =Vi) 2( g)(( ) {1000m2/52

J/(s 5)=9.6 KW

Assuming the power applied is constant, the acceleration will also be constant and the vertical distance
traveled during acceleration will be

h=Lat?sing = ~at2-220 ™ _ 10556 mis?)(55)°(0.2) =1.39 m
2 2 1000m 2
and
W, =mg(z, -z, )/ At = (12,500 kg)(9.81 m/s*)(1.39 m) Lk k92 ~ |/(55) =34.LkW
1000 kg-m*©/s
Thus,

Wtotal :Wa +Wg =9.6+34.1=43.7 KW
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3-36

3-75 Water is pumped from a lake to a storage tank at a specified rate. The overall efficiency of the pump-
motor unit and the pressure difference between the inlet and the exit of the pump are to be determined.

Assumptions 1 The elevations of the tank and the lake remain constant. 2 Frictional losses in the pipes are
negligible. 3 The changes in kinetic energy are negligible. 4 The elevation difference across the pump is
negligible.

Properties We take the density of water to be p = 1000 kg/m®.

Analysis (a) We take the free surface of the lake to be @
point 1 and the free surfaces of the storage tank to be -
point 2. We also take the lake surface as the reference
level (z; = 0), and thus the potential energy at points 1
and 2 are pe; =0 and pe, = gz,. The flow energy at
both points is zero since both 1 and 2 are open to the
atmosphere (P; = P, = Pym). Further, the kinetic energy
at both points is zero (ke; = ke, = 0) since the water at
both locations is essentially stationary. The mass flow
rate of water and its potential energy at point 2 are

Storage
tank

m = p¥ = (1000 kg/m?®)(0.070 m*/s) = 70 kg/s

1kJ/kg

e, =gz, =(9.81m/s? ZOm(—
p 2 g 2 ( )( ) 1000m2/52

j =0.196 ki/kg

Then the rate of increase of the mechanical energy of water becomes
AEmech,ﬂuid = rh(emech,out _emech,in) = m( pe, _0) = mpez = (70 kg/s)(0.196 k‘]lkg) =13.7kW
The overall efficiency of the combined pump-motor unit is determined from its definition,

AEmech,fluid _ 13.7 kW
Welect,in 20.4 kW

17 pump-motor =

=0.672 or 67.2%

(b) Now we consider the pump. The change in the mechanical energy of water as it flows through the
pump consists of the change in the flow energy only since the elevation difference across the pump and the
change in the Kinetic energy are negligible. Also, this change must be equal to the useful mechanical
energy supplied by the pump, which is 13.7 kW:
: .  P,-P .
AEmech,fluid = m(emech,out - emech,in) = m% =VAP

Solving for AP and substituting,

AP

B AEmech,ﬂuid 13.7kJ/s (1 kPa-m?

- 1K

- = 3 =196 kPa
4 0.070m*/s

Therefore, the pump must boost the pressure of water by 196 kPa in order to raise its elevation by 20 m.

Discussion Note that only two-thirds of the electric energy consumed by the pump-motor is converted to
the mechanical energy of water; the remaining one-third is wasted because of the inefficiencies of the
pump and the motor.
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